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PISIODIC PATTERNS AND TECEtNIQliE 
TO COimiOL MISAUGNMBNT 



BACKGROUND OF THE INVENTION 

TTie inventioto rdates in general to metrology systems for measuring periodic 
structures such as ovalay targets, and, in particular, to a metrology syston eo^loying 
diffiacted ligtit fixr detectmg misaligDment of such structured. 

• 

Oveday oior measuiemeot xeqoim specially designed ma^ to be 
15 strateglcafly placed at various locaIiOTs,iuMii^ 

on flewafos fir eacb process. The aKg^eirt of flie two ovcdiy taigets fiom two 
cooseciidvB piticesaes is measured fbx a mnnber of locatioas on fiie -wafir, and die' 
oveday eiiOT nup acRiBS die wafo u analyzed to 
cbnliol of lidiogR^il^ steppera. 

20 A- lay proci» control parameter in die mannfectui^ 

ttie meastsianttt of overlay target alignmeat between successive layers on a 
semiconductor yrs&t. If the two overlay targets are misaUgned relative to each oflier, 
tbien flie electronic devices fiibricaled will malfimetion, and die semiconductDr wafer 
will need to be liBWodced or discarded. 

25 Measurement of overlay inisregistration between layers is bring per&nned 

today with optical microscopy in difFerent variations: brigjitfidd, daricfield, confiHal, 
and inteffaeice miawscopy, as described in Levinson, lifhogn^ Flocess 
Conhol," chapter 5. SPIB Press Vol TT28, 1999. Overiay targets may compiise fine 
slnictures on top of die wafer or etched into die OMfice of die wafer. Fbr exaiiq>le. 
one overlay target may be formed by etching into the wafer, wbile anodier adjacent 
overiay target may be a resist layer at a higher elevation over die wafer. Thetarget 
being used for diis purpose is called box-in-box wiere die outer box, usuaUy 10 to 30 
imi, represents die position of die bottom layer, while die inrier box is smaUer and 
represents die location of die vppa layer. An optical miraoscopic image is grabbed 
35 for diis target and analyzed witii image processmg techniques. The relative location 
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of be two boxes rqiresents vfbai is called the oVeday misregistnitiQn, or Had oveilay. 
Hie accuracy of fhe optical microscope is limited by the accuracy of Qie line profiles 
in &e taiget, by aberradons in be iUuminadozi aad imaging optics atid by tiie image 
saix9>liDg in the t&meta. Such meflKxls are con^leoc and bey lequke fiiU m^^p^z 
'5 opfic& WxAtionisoImioaisdsoiequi^ 

tliesetednnque8 sufferfi0manund>erofdia^a^ PiM^theeialibedtaiget 
image is hig^y sensitivB to the ojitical quality of flie system, wUch is never ideal 
The optical quality of the system may produce enois in fiie calddalion of fhe overlay 

misiegistratibn. Second, fytifcal tmaginghflis ft fpuHflfTttgntfll Hmtt nn rq^lirtjffp^ wtddi 
iO affects the accuracy of the measurement Third, an c^tical microscope is a tdatively 
bulky system. It is difficult to integrate an optical microscope into another system* 
such as the end ofthetriackofalitfaogrq)hic stepper systeoL It is desirable to devdqp 
an inqxcoved system to ovetoome these drawbacks. 

SUMMARY OFTHE INVENTION 

15 A target for detenninirigousaUgDment between two layers of a deiVicelmtW 

periodic structures of lines and spaces on die two different layers of a device. The 
two periodic structured overlie or are interlaced with each odier. The layers or 
periodic structures may be at Sesame or different h^gbts. in one embodiment, either 
the fi^st periodic structure or the second periodic structure has at least two sets of 

20 interlaced grating liries having different periods, line widH^ or duty cycles. The 
invention also Felales to a method of making overlying or intedaoed targttfs. 

An advantage of the target is fiie use of Hit same difiBcaction system and fhe 
same taiget to measure critical dimension nid ovaUty misr^jstration. Anottur 
advantage of the measurement of nusiegistration of flie target is that it ia fiee ficom 
25 optical asyminetries nanally agBncaAteil wilh imnging . - 

The invention also relates to a method of detectcqg misalignment between two 
layers of a device. The ov^lying or interlaced periodic structures are illuminaled by 
incident radiatioiL The dif&acted radiation fiom the overlying or interiaced periodic 
stroctures is used to provide an ou^ut signaL Jn one embodiment, a signal is derived 
30 fiom flieou^nit signaL The misaUgnment between die structures ia detmnined fiom 
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ffieou%»utdgbaIor1]&deiiyed8ignaL U erne enibodimcnt, flie output agoal or flie 
d«tived sigDd is Gonipared wifli a r^e^^ A daUbase ttiat conelates flie , 

dusaUgomeitt wi& data idated to difBn^ 

Ah tidvaotage of tbis mefhod is the use of oxdy one incident xadiadon beam, 
S Another advantage of this metiiod is flie hi^ seositivit/ of zoo-oider and first-oidex 
difl&acted to fl» ovalay misrcgistralion between tiic laycis. Ja particular, 
properties wMch <ahibitfed higji sensitivity are intensity, phase and polarization 
properties of zero-order difllactian; diflFerential intensity between the positive and 
negative first-order diflSaction; diflFerential phase between flie positive and negative 
10 fint-order diflBraction; and difiEerential polarization between the positive and negative 
first-ozder diflfraction. These propoties also yielded Hncar grq)hs when plotted ' 
against the- oveday mifwlignme nt This mefliod can be used to deteonine 
mis^Hgrftnent on flie otdar of nanometeis* 

In one enibodiment, a neutral polarization angle, defined as an inddcat 
15 polarization angle wfcere ttie diflFerential intensity is eqnal to zoo for all oveday 
inisregistrtttions, is determined The slope of diflFerential intensity as a fimction of 
incident polarization angle is hi^y linear when plotted against the oveday 
misregistration. This linear behavior reduces the nun&er of parametCTsfliat need to 
be determined and decreases die polarization scanning needed. Thus, flie method of 
20 detecting misalignment is faster when using flie slope measiiremeait technique. 

The invention also relates to an apparatus for detecting misalignment of 
ovedying or interlaced pmodic structures. The apparatus coinprisea a source^ at least 
one analyzer, at least one detector, and a signal processor to determine TrrfgaHgtmii*^ 
of overlying or interlaced periodic structures. 

25 BRIEF DESCRIPnON OFTHE DRAWINGS 

Figs, la-lh are ooss-sectional views illustrating basic process steps in 
semiconductor Jirocessing. 

Fig. 2a is a cross-sectional view of two overlying periodic structures. Figs. 2b 
and 2c are top views of flie two overlying periodic structures of Fig. 2a. 
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Fig. 3 18 a top view of two overlying periodic stnictmes dfaistratiiig an 
eodbbdimetit of the invention. 

Figs. 4a and 4b are catos&^ediona] views of ovedyiiQ or iidedaced pinodic 
stnictnxes iUustratmg ofter embod 

5 Fig. Sa and Sb act cross-sectional views of two intiylac^ periodic strucdnes 

illnstrgdnp interlaced gratings m an embodiment nf ^TTvcntiqpL 

' Fig. 6 is a CTDSS-ajBctional view of two intriaced periodic rffnchimft iHnghtrfing 
interiaced gratings in anoSierendxNlim^ 

Figs. 7a and 7b aie schematic views illustratnig n^ative and positive oveday 
10 shift, respectively. 

Fig. 8 is a schematic view iUostratiqg the diffiaction of lig^ fiom a grating 
atructUQpe; 

'' Fig. 9a is a schematic block diagram of an optica] system that measures zero- 
order diffraction fioin ovedying or interlaced periodic structures. Fig. 9b is a 
1 5 schen^c blodc diagram of an integrated systm of the optical system of Fig. 9a and a 
depd^on instnsneoL 

Figs 10a and 11a are schematic block diagrams of an optical system tiiat 
measures first«order diffraction fixnn a normal wirijaiit beam on overtyio^g or 
intedaced periodic structures. Figs. 10b and lib are schematic Uock :diagcams of 
20 integrated systems of the optical systems of Fig. lOa and Ua, respectively; and a 
deposition instrument 

ngs. 12a and 12b are grqxhical ptots of derived signals fiom zero-oider 
diffraction of incident nufiatiim oti.overiying structures. 

Figs. 13-14 and 16-17 ace graphical plots of derived signals fioiA first-osder 
25 - diffraction of incident xadiation m overljiing stiuctm 15 is a gr^bical plot 

illustrating the mean square eoor. 
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Figs. 18-19 and 21-22 m grafducial plots of denved signals fiom zwHoder 
diffaiction of incident radiatian on interlaced gratings. Figs. 20 and 23 ate grq>hical 
plotd iOu^tratiiig flie mean square enor. 

Fig. 24 is a graphical plot iUnstratiog the detecaunation of misalignitient fiom 
5 a slope near a niButxal polarization angle. 

For siinplidty of descEqption^ identical oanqpraents are labeled by flie same 
ttmnerals &i tins qyplication. 

PETAn.TCn PESCRIFnON OF THE EMBODIMENTS . 

Fig. 2a is a cross-sectional view of a taiget 11 conqirising two periodic 
10 structures 13, 15 on two layers 31» 33 of a device 17. The second periodic stnictore 
IS is overlyidi; or inleriaced with Ibe first periodic structure 13. the layeis and the 
periodic stroctures may be at die same or diffoent hdghts. Tbe device 17 can be ady 
device of wbidi the aligoiment between two layers, particularly layeis havipg gm^i^ 
features m structures, needs to be detemxined. These devices are tjipicaOy 
15 semiconductor device^; thin fihns fin* magnetic heads &rdat^ 
tape recorders; and flat panel displ^ 

As shown in Kgs. la-lh, a device 17 is generally fbimed in a basic series of 
stq)s tar each layer. First, as shown in Fig. la, a layer 2 is formed on a 
semiconductor substiate 1. The layer 2 may be formed by oxidization, diflamon, 
20 implantation, evq>oration, or deposition. Second, as shown in Fig. lb, resist 3 is 
dqK>8itedonflielayer2. tlmd,as8hownmFi^ 

to a fonn of radiation 5. This selective exposure is accomplished with an exposure 
tool and mask 4, or data tape in electron or ion beam lithogr^hy (not shown). 
Fourfli, as flhowh in Fig. Id, flie resist 3 is developed. The resist 3 protects the xenons 

25 * 6 ofthe layer 2 fiiat it covers. Fiflfa, as shown in Fig. le,1fae exposed x^ons 7 of 
Iqrer 2 are etched away. Sisctb, as shown in. Fig. 1^ the resist 3 is ronoved. 

Altmiatiyely, in another embodimeDl, another material 8 can be deposited in fiie 

spaces 7, as shown in Fig. le;,ofdie etched ^yer 2, as shown in Fig. Ig, and the resist 
3 is removed after flie deposition, as shown in Fig. Ih. This basic series of stq^s is 

30 rq>eated for eacdi layer until the desired device is formed. 
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A first lay^ 31 and a second layer 33 can be any laiyer in fiie device. 
Ui^)atteni6d semiconductor, metal or didectric layers may be dq)o^ted or grotm aa 
tap o^ \md emeafli, or between fee first layer 3 1 and flie second layer 33. 

The pattern for fbe first periodic stractaie 1 3 is in the same mask as flie pattern 
5 fir a first layer 3 1 of the device^ and the pattern fiir the second periodic sfaructiice 1 5 is 
hi die same nia& as ttie pattern for a second layer 33 of flie jdievioe. In one 
embodhnent; the fiist periodic stixictdie 13 <tf die second periodic stmctme IS is the 
etdied spaces 7 of tte first layer 31 or Oie second layer 33» iespec(ive|y, as shown in 
Fig.l£ In anbtherembodimea^ die first periodic stracture 13 or die SMo^ 

10 ^bucturiB lSi8d3elmes2ofdiefiistlayer31 orOesecoixlla^ 

8howninHg.I£ hi anodiarembodimenti the first periodic stitictui^ 13 or the second 
periodic stracfure IS is ano&er material 8 deposited in the spaoes 7 tff die first layer 
31 or die second layer 33» respectively, as shown in Fig. Ul la yet atwdier 
enobodiment, die second laiyer 33 is resist and die sefeond i>eriodic stmcture 15 is 

•15 resist3 gratu^asshovi^inFig. Id. 

The first periodic stroctuzie 13 has die same alignment as die first layer 31,. 
smce die same mad£ was used for die pattern for die first periodic stiucb^ 
die pattern for the first layer 31. SimOady, die second pmodic stroclbre IS has die 
same aligmneot as die second layer 33. Thus, any overiaynidsrogistFatioia error in die 
20 alignment between die first layer 31 and die second layer 33 will be reflected in die 
alignment between the first periodic structure 13 and die second period^ stmcture 15. 

Fig. 2b and 2c are top views of target 11. In one embodiment, as iltostrated in 
Fig. 2a, the first periodic stmcture 13 has a first sdected width CDl, and the second 
pmodic structure IS has a second selected widdi CD2. The second selected widdi 

25 CD2 is less dian die first selected widdi GDI. The pitch, also called the period cxr die 
imt cell, of a pieriodicstnicture is the distance aft^ which thbpat^^ The 
distance betwe^ die left edge of the first periodic structure 13 and the left ed[ge of die 
second pe riodic structure 15 is d|, and fee distance between the right edge of the first 
periodic structure 13 and the right edge of the second periodic stmcture 15 is di. hi a 

30 preferred embodiment, when layers 3 1, 33 are property aligned relative to eadi other, 
die second periodic sfancture IS is centered over the fiist periodic structme 13. In 
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o&sf wonte, y/bm tiie s&ocoA periodio structure 1 S is pofecfty centeired over tbe first 
periodic stroctore 13, Ac misii^is^ b tiiis embodimeot, flie 

ndlMljstratiQii is indicated by^4i* To obtain misregistration in both die X aud Y 
ditecticKQS of (lie cooidinale systent, another target 12 coixpisiqg two periodic 
5 strUBtores 14, 16 simile to target 11 is placed substantially popendicular to target 11, 
asGih0wninFig,2a 

The target 11 is particularly desirable for use in photoli&ogFq>lly, where &e 
first laye^ 31 is e3q>osed to radiatioa for patterning piiiix>ses of a seinicx)ndactor waftr 
aifd the second layer 33 is resist In one embodiment, the first layer 31 is etched 
10 silicon, and the second layer 33 is resist 

Fiigs. 4a and 4b show alternative embodiments, [hx one embodiment. Fig. 4a 
iUttstxates a first periodic structure 13 of oxide having a tnpezoidal shape on a first 
layer 31 of siUcon substrate and a secud periodic structure IS of resist wi^ 
layer 33 of resist The first layer 31 of silicon is etdied, and shallow ttaich isolation 

IS CSrn oxide is deposited in Ibe spaces of the etd^ Hie lines of STI oxide 

fistm the first periodic stmcture 1 3. An oxide layer 34 and a imifbrm polys^ 
3S are deposited betwe^tiie first layer 31 of8ilic<m and fliesecoiid layer 33 ofresist 
tlie configuration in Hg. 4a shows a line on ^ace configuration, where the second 
pOTodic structure 15 is placed aligned wifli ttie spaces between the first periodic 

20 structure 13. The invention also enconipasses embodiments such as flie line on line 
.configuration, where the Knes in tiie second periodic structure 15 are placed on top of 
and aligned with tbe lines in the first periodic structure 13, as sbown by the dotted 
lines in Fig. 4a. 

Li anptiier embodiment. Figure 4b iltustcates a first periodic structure 13 of 
25 tungsten etcbed in a first layer 31 ofoxide and a second periodic structure 15 ofresist 
with a second lays' 33 ofresist Hie first layer 31 and the second layer 33 are 
8q>arated by an aluminum blanket 37. 

The~ihvention~relates to a m^bdof ma^g a target 11. A first poiodic 

structure 13 is placed over a first layer 31 of a device 17. A second peiodic structure 

30 15 is placed over a second layer 33 of the device 17. The second periodic structure 15 

is overiying or interlaced with the first periodic structure 13. 
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la one eixibodiDiait, anoflier target 12 is placed sobstantially pgpenHMniiflf fn 
ta^et 11, as shown in Fig. 2c. A third periodic structare 14 is placed oyer the first 
layer 31, and a fourth periodic structure 14 is placed ov^ the second layer 33, The 
third periodic stajctor^ 14 is substantially perpendicular to ttie first periodic structure 
5 13, and thie &ix&Qk periodic sbuctine 16 is substantiaUy perpendicular to tite second 
periodic structure 15. 

An advantage of file target U is fliat the measurement of 
target is fiee fiom optical asymmetries usually associated yriOk jm^gfaig. Anofller 
advantage of fiiis measurement is fiiat it does not require s^iaiimng over &e target as it 

10 is done ivifii other techm'ques, such as in Baraket, UJS. Patent 6,023338. AnoOer 
advantage of fiie target 11 is fiie eluninatiQn of a separate diffiaction system and a 
different target to nieaisiue die critical ^ Hie 
critical dimensiod, or a selected widtti of a pmodic structure, is one of many target 
parameters needed to calculate misregistratioiL Using the same dif&action system 

15 and the same target td measure bofli die ovcriay misregistration and the CD is more 
efSdraiL Hie sensitivity associated with the CD and that with die misregistration is 
distinguished by using an embodiment of a target as shown in Fig. 3, The second 
periodic stnicture 15 extends further to an area, die CD region 21, i^ere the first 
periodic structure 13 does not extoid. The first selected width CDl is measure 

20 befim pladng die second periodic stmcture 15 on the device 17/ After fi>m 

target, the second sdectedwidihCD2 alone can be measured in the CD region 21. In 
a sqparate measurement, the misregistration is determined in an overlay region 19 
where both die first 13 and second 15 periodic stmctnres lie. 

Fig. 5a and 5b are cross-sectional views of an embodimeot of ataligethaviqg 
25 mteriaced gratings. The first periodic structure 13 or the second periodic structure 15 
has at least two interlaced grating lines having dififerent periods, line wiiifiis or du^ 
cycles. The first periodic structure 13 is patterned with die same inask as fliatfin' the 
first Uyer 3 1, and the second periodic structure 15 is patterned widi die same mask as 
diat for file second layer 33. Thus, tte first periodic stod^l^T^^^^ same 
30 alignment as flie first layer 31, and die second periodic structure 15 has die same 
alignmeit as die second layer 33. Any misregistration between die first layer 31 and 
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ttie seccxnd layer 33 is reflected in flic siisregislntioa between flie firat penodic 
stfuctitte 13 and th6 second periodic stroctne IS. 

Iq tiie embodiment shown in Figs. Sa and Sb, tfie first periodic stnicture 13 has 
two intodaced grating lines SI, S3. The fiist interiaced grating lines 51 have a line- 
S ^dfhLu and die second interlaced grating lines S3 have a line>w^ Thesecond 
periodic structure 1 S, as shown in Fig. 5b, has a lm&-widfh L3 and is coitered between 
flie first interiaced grating lines 51 and the second interiaced grating lines 53. The 
distance between the rigjht edge of the first int^aced grating 51 and the adjacent left 
edge of the second intedaced grating S3 isrqiresentedby b, and flie distance between 
10 the rig^ edge of die second periodic structure 15 and the adjacent left edge of die 
second interlaced grating 53 is rqnresented bye. The misregistration b^een die first 
layer 31 and the second iay»- 33 is equal to die misregistration e between die first 
periodic structure 13 and the second periodic slmciur e 1 5.- The misregjstradon e is: 

(1) 



Where cf=0, the .resulting periodic structure has the most asymmetric unit cell 
coinposedofaliiwwidiwidaiofl^LaandalinewidiwidfliL^^ Wbaeo=4)-l4» the 
resulting periodic structure has the most synunetric unit cell conq>osed of a line widi 
widfli Li+I^ and a line with widdi I^, For exanq)le, if the two layers are made of the 
20 same matoial and Li^LjrLz/l, flien die lines are identical where cf=0, while one Kne 
is twice as wide as the other line where c=4>-L3. 

Fig. 6 sbows an alternative embodim^ of a target haviiig interlaced grating 
The first periodic structure 13 is etched silicon, and the second periodic target 15 is 

resist The first hyer 31 of silicon substrate arid die second layer 33 of resist ate 
25 8q)arated by an oxide layer 39. 

"The invention also relates to ametiiod of making a target 11. A first periodic 

structure 13 is placed over a first layer 31 of a device 17. A second periodic structure 

15 is placed over a second layer 33 offlie device 17. The second periodic stnicture 15 

isoveriymgorinteriacedwiflidiefiist.periodicstmcturel3. Eidier flie first periodic 
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Structure 13 or the second periodic structure 15 has at least two interiaced gKatiog 
lines haviiig difEsreQit periods, line wi 

An advantage of interfaced gratings is the ahDity to detennine flie siga of flie 
dnfiof&emisr^istiationfbanifliesynimet^ Figs imii 

5 7b ate sdiematic drawipgs iDastratiog negative and positive overiqr aWft^ 
respectivdy, in the X direction offlieXY coordinate syB^ Center line 61 is ttie 
center ofagralii^ 63. TVhentiie jgrating 63 is aligned perfbcQy^tbeoei^ 
aligned iprith the Y axis ofdie XT coordinate system. As shown in Fig. 7a, a negative 
overlay shift is indicated by tiie center line 61 bang in the negative X direction. As 
10 diownmFig.7b»apositiveoverlayduftisindicatedb^ 

. pbsitiveX direction. The negative overlay diift is indicated by a xiegative number for 
the imsregi^tzation, and the positive oveday shift is indicated by a positive mnnbcr for 
the nusr^istration. The xnisc^gistration can be d^emuned using the method 
discussed betow. Jn the case of the interlaced gratings, a negative overlfly gKift r^ltn 
15 in a more symmetrical unit cell, as where cpb-I^ discussed above. A positive 
oveilay shift results in a more asymmetrical unit cell, as where a=0, discussed abc^. 

The invention rdates to a method to detennine misalignment nmng difi&acted 
. light Fig. 8 is a schenuitic view showing the difi&action of light fiom a grating 
structure 71. £i one embodnnent, inddeot ndistion 73 haviiig an oblique ari^ 
20 incidence 0 ilhuninates the grating sttuchne 71. The gratii« structure 71 diffiacts 
radiation 75, 77» 79. 2ero-ovder difiBcaction 75 is at the same oblique angle 8 to fte 
substate as ti^inddent radiation 73. Negative finst-Kntierdifibction 77 and positive 
fii8tH>rder diffiaetion 79 are also difBncted by tiie grating strucb^ 

Optical systems for determining misalignmcait of overlying or int'nln^ 
25 periodic structures are illustrated in Figs, 9a, 10a, andlla. Fig. 9a shows an optical 
system 100 using incident radiation beam 81 with an oblique ang^e of inddoice and 
drtecting zero-order difiBnacted radiation 83. A source 102 provides polarized inddent 
radiation b^m 81 to _il^^ 91, inddent 

radiation beam may be substantially monochrDmatic or polyduomatic. The source 
30 102 comprises a li^ source 101 and optionally a coUimating/ fbcusmg^ polarizing 
optical module 103. The structures difi&act zero-order diffiacted radiation 83- A 
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ooOimadDg/ fixnising/ analj^g optical module 105 collects the zero-oxdcT diffiacted 
ndiatioa 83, and a li^ detection unit 107 detects fiie zccooxder dif&acted ladiatian 
83 collected by the analyzer in mcdole 105 to provide an ou^ut signal 85. A signal 
ptocessor 109 deteonines any misaUgoment between the stnictuies fiom the ou^ 
5 signal 85. The output signal 85 is used direcfly to detarmlfie miMli'gmin^t frnm thr 
intmsityWflie zero-cider difl&acted radiation 83. In a preftned embodiment ttie 
mi s aligffme nt is delennined by cQnq>aring die inteaisily witih a reference signal, sudi 
as a reference signal fioin a calibration wafer or a database, conq)il6d as 6}q>Iained 
bdow. In one onbodiment, the dgnd processor 109 caknlates a derived agn^ 
10 * the on^ signal 85 and detennines misalignmeat fiom the derived signal Hie 
derived signd can indude polarization or phase informatiQa In this embodiment; flie 
misalignmait is determined by comparing the derived signal wiOt a reference signal. 

In one embodiment, optical system 100 provides ellipaometric parameter 
vahies, are used to derive polarization and phase information- ii flus 

15 embodiment the source 302 includes a Jigjit source 101 and a polarizer in module 
103. Additionally, a device 104 causes relative rotational motion between the 
polarizer m modide 103 and the analyze in module 105. Device 104 is well known 
in die art and i6 not described for this reason. The polarization ofthe reflected li^ is 
measured by the analyze in module 105, and the signal processor 1 09 calculates the 

20 ellvs(mietric parameter vahies, tan(?0 end cos(A), fiom the polarization of the 
reflected lig^ l^e signal processor 109 uses be dlipsometric parameter v^ 
. derive polarization and phase information, llicp^ jhe polarization aiigle a 
is related to tBii(7) through the foUowing equstion: 

(2) 

25 tana:»-JL. 

tanT 

The signal processor 109 detemunes misalignmart 6om die polarization or phase 
information, as discussed above; 

The imagmg and focusing of foe optical systaa 100 in one embodimeat is 
verified using flie vision and pattern recognition system 115. The li^ source 101 
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provides a beam for tmagmg and focosing 87. Thebeam&rimagingaid&cusmgS? 
is reflected by beamsplitter 113 and focused by lens 111 to the wafer 91. The beam 
87 ibsn is reflected bade tihrou^ be lens 111 and beam q)litter 113 to &e vision and 
pattern recognition system 115. The vision and pattern recognition system 115 then 
smds a recognition sigmd 88 for keeping die wafer in focus for measuremeot to flie 
signal processor 109. 

Fig. lOa'illustiates an optical system llOnstngnonnalinddeotiadiationbeam 
82 and detecting first-aider diffiacted radiation 93, 95. A sbnice 202 provides 
polarized indd^ radiation beam 82 to illmninate periddic.struct u res on a wafer 91 . 

Ibis embodiment, the source 202 conqnises a somce 101, apohrizer 117 and 
lens 111. Ibe structures di£Bract positive first-oider diffiacted radiation 95 and 
negKtive first-order difiS^ed radiation 93. Analyzes 121, 119 collect positive first- 
oider. -diffiacted radiation 95 and negative fiist-dder diffiracted radiation S3, 
respectively. li^t detection units 125, 123 detect Oie positive first-cnder diffiracted 
radiation 95 and die negative first-order diffiacted radiati<m 93, respectively, collected 
by analyzers 121, 119, respectively, to provide ou^ signals 85. A signal processor 
109 detezimnes any misalignment between the stmctures from tfie oulpnt signals 85, 
prefm^ly by con4>aiing flie ou^ut signals 85 to a reference signal. In one 
embodiment, tte sifpnal processor 109 calculates a derived signal fiom the ou^ut 
signals 85. The derived signal is a differentia] signal between Ae positive first-order 
diffiacted radiation 95 and die negative first-oider dffiacted radiation 93. The 
diffoiential signal can indicate a differenflal intensity, adifferential polarization ang^e, 
or a differential phase^ 

Optical system 110 determines diffotaitial intensity, difbreotial polarization 
angles, or differential phase. To deteimine differential phase, optical system 110 m 
one embodimoit uses an eUqisometric aiiangemeiit comprising a lig^t source 101, a 
polarizer 117, an analyzer il9 or 121, a ligjht detector 123 or 125, and a device 104 
that causes relative rotational motion betwem the polarizo* 117 and die analyzer 119 
or 121. Device Im is weU known in the art and is not described fortius reason. This 
arrangonent provides ellipsometric parameters for positive . first-oider diffiacted 
radiation 95 and ellq)sometric parameters for negative fiist-oider difi&acted radiation 
93, which are used to derive phase for positive first-order diffracted radiation 95 and 
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phase fiir n^athre fitst<nder difiKacted ladiatioii 93, respectively. As discussed 
dKtVB, one of flie dlqjsomelric parameters fc 008^ 

phase is cialculafiBd by subtractiDg Ote phase for Hut negative first-order diffiacted 
radiation 93 finm^pbaselbr flieposithre firat-ordCTdifi&^^ 

5 To deietmiue diffoenlial polatization angles, in one embodiment, tiie 

pblarjzsn? is iSxed for the iiMadeot radiation beam 82, and die an^ 119 
are rotated, or vice versa. Tlie polarization aiigle for the a^^tivefirst-oider diffiacted 
rafiation 93 is deterrnined fixjm the chiange in intensily as either flie polaito 
analyzer 119 rotates. Tlie polarization angle for the positive firstsadar diffiacted 

10 radiation 95 is detoininedfiomflie change in intensity as eitiMTflie polarizer 117 or 
. analyzer 121 rotates. A differaitial polarization angle is calculated by subtracting flie 
polarization angle for the negative ffist-oider diffiacted radiation 93 fiom die 
polarizati(Mi arigle far the positive first-order diffiacted radiation 95. 

. To detenmne diflferential intensity, in one canbodhnent, fee tarmlyasts 1 19, 121 
is are positioned without relative rotation at the polarization an^e of Oie first-order 
diffiactedradiation93,95. Preferably, at the polarization angle where ftefattensily of 
die diffract radiadon is a maximum, die wtaaaaty of die positive first-order 
. diffiacted radiation 95 and die intensity of die negative firstsjn^ 
93 is detected by the detectors 125, 123. Diffiaendal intensity is calculated by 

20 subtracting die intensity for die negative first-order di£6acted radiation 93 fiom die 
iiitensity fiir die positive first-order diffiacted radiation 95. 

In anodier embodiment die differential mtensity is measured as a fetiction of 
die inddmt polarization angje. Lidiis embodiment, die polariaer 117 is rotated, and 
dib analyzers 119, 121 are fixed. As die polarizer 117 rotates, die incident 
2$ polarization angle dumges. The intensity of did positive first-ard«r diffiacted 
radiation 95 and I9ie intrasity of die n^ve fiist-inder diffiacted radiation 93 is 
detemdned for difiEerant inddent polarization angles. DificRotial intensity is 
cal^ilatedby sta>tracbig die intensity for die negative first^jrder diffiacted radiation 
W'fiomdieiSBns^fiiittiepositivefirBt-orderdiffiactedi*^ 

iO The imaging and fixaising of die qitical system 110 in one embodimnit is 

verified using die vision and pattern recognition system 115. Afier inddeot radiation 
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beam 82 iUniiiiQates the wafer 91, a Ugal beaA for imag^ and fidcuspug 87 is 
leflected flnou^ the lens 111, polaxizer 117» and beam spVSbtir 113 to &e ymom aod 
pattern iccogoition system 115. The vision and pattern recogoition system 115 then 
sends aiecogoitioii signal 88 for keiqpiziig fhe wafo in focus fer flie 
S signal processor 109. 

Fig. Ha iUustrates an optical system 120 "0^0:0 fizstM^^ 
beams 93, 95 are allowed to interfere. The ligbt source 101, device 104, polamser 
1 17, loos 111, and analyzers 119, 121 qperate the same way m optica] systm 120 as 
they do in optical system 110. Device 104 is well known in fiie art and is not 

10 desoibed for ttiis reason. Once die negative first-order diffracted radiation 93 and 
positive first-order diffracted radiaticm 95 are passed tturoug^ the analyzers 119, 112, 
respectively, a first device causes die positive first-order diffracted radiadcm 95 and 
the negative first-order diffracted radiation 93 to interfisre. In this embodiment die 
first device conqprises a nmlti-aperture shutter 131 and a flat beam splitter 135. The 

15 rhulti-apertnre shutter 131 allows botii the negative first-order diffracted radiation 93 
and the positive first-order diffracted beam 95 to pass dzrou^ it The flat besan 
splitter 135 combines the negative first-order diffracted radiation 93 and die positive 
first-order diffracted radiation 95. In diis embodiment, die imnars 127, 133 change 
the direction of the positive first-order difGractad radiation 95. A ligfbt detection unit 

20 107 detects the interference 89 of die two diffracted xadiaticm signals to provide 
output signals 85. A signal processor 109 detemoines any misaligDxnflatbetweaifliB 
stmctures fixmi the output signak 85^ preferably by con^)^^ 
a lefisrcnce signal The ou^ut signals 85 contain information idated to phase 
difiEerence. 

25 In (Hie embodiment, phase shift intCTferoinetry is used to detemiine 

misalignment The phase modulator 129 shifts die phase of positive first-onler 
diffracted radiation 95. This phase shift ofdie positive first-order diffracted radiaticm 
95 allows die signal processor 1(^ to use a simple algorithm to calculate die phase 
diffemice between the phase for die positive first-order diffiacted radiation 95 and the 

30 phase &r die negative first-order diffracted radiation 93. 
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DifToeotifl] inteiialy and dtfifoeotial polarization angle can also be 
ddemrinediiangopticalsystmim The miiW-qpertuie shutter 
nil»de& the first mode allows bodi flie positive fiiBt-oidardifi&aoted ladiatioii 95 and 
the n^ye fist-ozder diffiaded nufiation 93 to pass tibrough. In this mode; 
S di^erentialiAasBisdetennined, as disG^^ Ibe second mode allows only 

die positive fiist-order diffiacted radiation 9 In Ois mode^ the 

intensity and polarization angle fi^ 

be detdmined, as discussed above. The tfaiid mode allows oidy the ne^live fiist- 
order £fi&acted radiation 93 to pass througjL In fhis mode» the intensity and 
10 polaiization an^e Or die negative fiist-order difi&acted radiation 93 can be 
d'gp'iggtd above. 

To detemune diflFerential int«isity, die mniti-jqi)erture shutt^ 131 is operated 
in die second mode to detennme intoisity for positive firetKuder difi&acted radiation 
95 and dien in the flrird mode to detemiine intensity for negative fiist-ord^ diffiacted 
15 radiation 93, or vice vosa. The differential intmaty is then rjil^ibtgd }yy snbtracting 
Ae intimaity of die n^ative first-order difliactcd radiation 93 fiom fcc intensity of die 
• positive first-order difBscted radiation 95. The signal processor 109 d^ecmines 
nnsalignment fiom die difiEetential intensity. 

Li one (anbodimod, die differential inten^^ 
20 polaii2ali<Mi angjes. The measurements result in a large set of data points, wKich, 
^en compared to a reference signal, provide a higli accuracty in flie detemnned vabie 
of die misregistratiott. 

To detennine differentia] polarization sai^e, the multi-q>eiture shutter 131 is 
operated m die second mode to ddtermine polarization angjle fi>r positive fir^-order 

25 difl&acted radiation 95 and dien in the third mode to detennine pol^^ 

negative first-order dififcacted radiation 93, or vice versa. The differential polarization 
ai^e is flien calcuUtod by sabtractii^ die polarization angle of the negative first- 
order difSac ted radiation 93 fiom die pdtoizatipn Mgile„^^^ 
difiGracted radiation 95. The signal processor 109 deteimiiies misalignmeart fiom die 

30 differential polarization angle. 
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The imaging and focnsing of the optical syston 120 is verified using the 
vision anid pdttem recognition system 115 in ttie same way as the iTimgwig axid 
focusing of the opticjal system 110 is in Fig. 10. In one embodiment, Ihebeam spUtter 
113 splits off radiation 89 to refiarence lig^t detection nnit 137, vMdk detects 
5 fluctuations of the source 101. The lefereaice detection ufiit 137 
communicates infomiation S6 concerning intensity fluctuation of source 101 to die 
signal processing and conqmting unit 109. The signal processor 109 noimalizea ttie 
oiitput signal 85 using fhictuation information 86. 

Opticd systems 100, lip, 120 can be integrated ivith a de|^^ 
10 200 to provide an integrated tool, as shown in 9b, 10b and 1^ The deposition 
liistrument 200 provides the o veriying or intedaced poiodic structures on viraftr 9 1 in 
step 301. Optical systems 100, 1 10, 120 obtams misalignment infinmatton fiom flie 
Wafer 91 in stq) 302. The signal processora09 of optical systems 100, 110, 120 
provides flie Tnisalfgnment to fee deposition tool 200 in step 303. Tbe deposition tool 
15 uses die misalignment infozmaticm to coirect &r any misalignment befioe piovidipg 
anotfao-kyerorperiodic stracture on wafisr 91in step 301. 

Optical systems 100, 110, 120 are used to detamine.die misalienment of 
overlymg or interlaced poiodic structures. The source providing polarized wiriidf iit 
radiation beam illuminaies die first periodic stmcture 13 and tlie second periodic 

20 structure IS. Difi&acted radiation fiom the illuminated portions of die ovedyix^ or 
interlaced periodic structures are detected to provide an ou^ml wpiftl 85. The 
misalignment between die structures is determined fiom the ou^nit a fg nn] $5. a 
prefeiied CTbodunent, die nusalignment is detemuned by conq>ariog fhe output 
signal 85 widi a reference signal, such as a reference signal fixmi a cdifarslion wafiar 

25 or a databasei,oonq)3ed as explained below. 

The invention relates to a method fi)r providing a database to d^ennine 
misa l ignme nt of overiying or interlaced periodic structures. The misalignment of 
r~9^P^}y^& P^ i nter laced periodic structures and structure pa ram eters^ such as thickness, 
refiactive index, extinction coefiBdoit, or critical dimension, arc provided to calculate 
30 data rdated to radiation difB:acted by the striictures in lespoiise to a beam of radiation. 

The data can include intensity, pnlgrization angle, nr plu^ infnmifltiflTL P^l^flfltiftng 
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canbe perfbitaed tising knowa eqpatiODS orby a sofiwaxe padage^ such as Lamibda 
SW, available fiom Lambda, UniveiBlty of Anzona, Tqsood, Aiizraa, or Gaolver SW, 
available fiom Gxadng &>Iver Developmeat Compai^^ P.O. Box 353, Allen, Texas 
75013. Lanibda SW uses cigeofimctioDS approadi, described in P. Sheng, R. S. 
5 Stq)leman, and P. N* Saiidia, Exact Eigeofimcdons for Square Wave Gratings: 
Applicatioiiid to Difi&acdon and SuAce Hasmoii Calculations, PhysJRev. B, 2907- 
2916 (1982), or tbe modal qipioach, described in L. Ii» A Modal Analysis of 
Lamellar DifiBwdon Gratings in Conical Moundngi^ L Mod. Opt 40, 553-573 
(1993). Gsolv^ SW uses rigorous coqpkd wave snalysis, described in M. 6. 
10 Moharam and T. E. Gaylord, Rigprous Coq)led-Wave Analysis' of Planar-Grating 
DifiKaction, 1. (^t Soc. Aul 73, 1105-1112 (1983). Ibe data is tised to constnlct a 
database conrelatii^&emisalignmeat and the data. TheovedaymisrsgistxatiQnof a 
target can iBien be drtennined by c o mpaiin g tte output signal 85 \»itti flic database. 

Figs. 12-24 were generated throagji conq>uter stmnlations 

wnng dtber the 

15 Lambda SW or tbe Gsolver SW. Figs. 12a and 12b are grs^Ucal plots illustrating fte 
eI%som6tncparBmet6iB obtained usisig an ovedying target of Fig. 2a widi the optical 
system of Fig. 9a. The calculations were performed using the Lambda SW. The 
overlying target used in the ineasuremeatconqrises first periodic stinctme 13 and die 
second periodic structure 15 made of resist gratings having 1 |im diq>di on a silicon 

2p substrate. The dqitti of fiie first periodic stmcture 13 and fiie second periodic 
structure 15 is 0.5 Mm, and the intch is 0.8 imt The finst selected widfli CDl fixr ttie 
first periodic structure 13 is 0.4 )mi, and die second selected width cm 
periodic structure 15 is 0.2 pm. The inddent beam m this embddfanent was TB 
polarized. These target p ai - amete ra and die ovrfay nrisregistratian were iniwitted into 

25 the Lambda SW 1o obtain ellipsometeric parameter values* The ellqisometric 
parameter values were obtained fixr zenMirder difiSncted radiation using an inni^^tf 
radiadon beam 81 at an exx^e of 25^ to die* wafer sulfide. The eOqisometric 
parameters, TanfF] and Cos[A], were plotted as a fimcdon of die wavdengdis in the 
spectral range 230 to 400 nanometers. The cMps ometric parameters arc defined as; 

30 
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W 

^ece Tp and la are fiiB aitiplitadiB iciflectioii ooeflSdents fir tiie pCIM) and spiS) 
polajrizatidns, and 



l^ere (J>patid(|)8 are &e phases fofliep(TM) and ^5 Resultewere 
dbtained fi>r diflFerent values of overlay inisregistnition da-di varymg fiom -15 
nanometers to 15 nanometers in steps of 5 nahoirieteis. The variations fifftanTP] and 
10 costA] show sensitivity to the misregistration in the nanometier scale. To get moro 
accuntte tisisubs, fiist-oider diffiacted radiation is detected usmg nozmal inctdcaai 
radiation^ as iii Figs. 13-14. 

Figs. 13 and 14 are gn^cal plots illnstiatnig the difieaceiitial htatmty 
obtamed using overlying targets of Fig. 2a and an optical ^stem detecting fixstroider 

15 di&acted radiation using nonnal incid«it radiation. The calculations weicpeEfimned 
using Gsolver SW. the first poiodic layer 13 is etdxed silicon, ivhile the second 
periodic layer 15 is resist The overlay misregistration and targ^ parameters wew 
mpxmed into Gsolver SW to obtain flie differential intensity in Figs. 13 and 14. Fig. 
13 shows the normalized differential intensity betweai the positive and negative first- 

20 OTder difftacted radiation as a function of overlay misregistrations. The dififaential 
intensity is defined as: 

(5) 

I3g = -^^'-'^ % 

where Rfi is flie intensity of die positive fint-oider diffiacted ladiation and ILi is Oe 
25 intensity of die negative fint-<nder diffiacted ndiatioD. The difibraot cmves in Hg. 
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13 CQned^Kmdto&edifGsr^indde^ SO^.and 
900 of 1i» mcident lincady Poland Xhe 
pdlarizaiic^ angie a is defied as: 

(6) 



E 






) 





^icbete E, is ttie field cdn^wneat papeadienlar to flie plane of inddfluce^ wbidi fiv 
jionnal mradonce M fl» Y conqwnent In the XY cotmlinate sys^ 
conqKmetit paidllel to fiw plane of iocidemBe, whicb fir nonnal insi&ice is Oe X 
compoDBnt Polarizatian scans fiom inddent poUndbatkm angles trf* 0* to 90" vmie 
10 perfonned to genente fhe graphical plots in Figs. 13 and 14. Fig. 14 shows the 
differential intensity as a function of inddent polarization angle at di£Eaeat anOay 
misregistratian (-50 nm, -35 nm, -15 om. 0 nm, 15 nm, 35 am, and 50Dm). Pig. 14 
shows that fliere is a netrtral polarization angle, defined as an inddeiit polsrization 

angle where the differential intaisity is equal to zero for aU oveday misregistiation. 

15 Figs. 13 and 14 illustrate the high sensitivity of difBaential mtensity to die overiay 
misresgistiation and die linear behavior of differential inteosity wifli fi» oveaday 
misregistration. They also show diat ttie differential intensity is zero at zoo oveday 
misr^istration for any polarization angle. Shnilar gn^hical plots wwe obtained at 
different wavdcaigdis. Fig. 15 shows the mean square error (TklSE") variation with 

20 the overiay misregistration. The MSB exhibits linearity and sensitivity of 
appx^uumatdy 0.6 per one nanometer overlay misregistzatioa 

Kgs. 16 and 17 are grqihical plots, using the same target with dififoent 
structure parameters and the same qptieal system as tiie ones in Pi^ 13 and 14. 
However, die calculations were performed usii« Ote Lambda SW, mstead of the 
25 GsolverSW. The kinks or the deviations finm fiie numtonidty of die corves at 
certam points m Figs. 16 and 17 are beUeved to be due to nnmerical instabilities 
fiequently known to occur in tiie use of the Lambda SW. The overhy nuscegistration 
and die target parametens were iiiputted into Lambda SW to obtain difEerential 
polarization angle and dififerential phase mPigs. 16 and 17, lespectrvdy. Fig. 16 
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shows the variation of tte difference between Hxt polarization angles of the positive 
and negative fiist-ozder difi&acted ladiation as a function of overlay mifitegistration 
for different incident polariTatian angles (0*, 5^ 15% 30*, 45*, 60", and 90^. Fig, 17 
shows tte Variation of the difference between the phase angles of the positive and 
5 negative fixst-oider diffracted radiation. The phase angle hese rqsresents the phase 
difference bistween the p and s polarized conq>onent8 of tfie dififracted fi^ 

FigB. 16 ^ 17 also ilbJstiate flie Ugli sensitivity of dtfi^^ 
angl e and differmti al phas^ lespeedvdy, to tihe overlay xiusie^stnltian and flie 
behavior of difiTerential polarization angle and differential phases i^pectiv%, when 

10 plotted against Oie overlay misregistration. Ihey also show fliat Urn dififacotial 
polarization angle and differential phase is zero at zero overUiy misregistration fbfr any 
polarization an^e. However, Fig. 17 shows tiiat the phase diffeicope does not dq>end 
on incidait polarization, one embodiment, tiie differmce between Oe polarization 
an^es, as shown in Fig. 16, is easily measured with an analyzer at the oii^nt^ while 

15 tiie phase difference, as shown m Fig. 17, is measured with inteiferom^^ Lianotfaer 
embodiment, the differential polarization angle and the di^Toential phase is derived 
from ell^sometoic parameter. 

Shnilar xesnlts were obtained Rising the overiyhog targets in KgB. 4a and 4b. 
However, ftr tiie particular taiget in Fig. 4a, tiiefe was no neutral polarization bd^ in 

20 tiie line on line crafigmation, ^Aere the seco 

tiiB first periodic structure 13. The line on space configiiiatian, wfaoe die second 
periodic stmctUTB IS is centered on flie spaces between the fi^ periodic structure 13, 
did exhibit a neutral polarization angle. These results show fliat flie nntial 
pdbrization angle qyparently has a compUcated depeodeoce on the structure 

25 parameters. 

Figs* 18-19 and 21-22 are graphical plots illustratiQg flte intensity of flie zeto- 
oider difBracted radiation 83, as shown m Pig. 9a, for fatterlaced grating?, as shown in 
Fig. 6. Table 1 su m marizes the parameters nsed in the calculations by fl» Gsolver 
SW. 
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Tli6 iaddeiK* angje is 7e» m <h9 Data76 confignrali^ 
(noniaal) b flw DataO ccmfigiintioiL 

Figs. 18-20 were derived using the Data76 configuration. Fig. 18 shows die 
intensity of the zero-order diffiacted radiation versus ilie overlay misregistratioa at 
diffewntpolarijation angles (0" to 90» in steps of 15^. Wifliinarangeof 140imi,6e 
changes are inoiiotoiiic with lis overlay misiegistratioiL The point vrftere all the 
cunre8ao68isatanoiveliaymi8registiationvahieof50nin,rBtJMffflm Ataa 
overlay nisregistnlion value of 50 om, ihe structure is effectively most symmetric. 
Ja contrast, in an overlyii^g target as in Fig. 2a, the structure is most symmetric at zero 
overlay misregistratioiL Fig. 19 shows the dependence of the intensity of the zero- 
order diffiacted radiation <m the incident polarization angle at different overlay 
misTBgistrations (.50nm..l5 nm, 0 nm, 20 nm, 40 nm, 60 nm, 80 nm, 100 nm. and 
130 nm). IWikewifli the difBsnaitid intensity of flujfi^ 
there is not a nfeutnd polarization atigle where the dififeccntiai intensity is zero £>r 
diflfiatnt overlay misregistration. However, there is a quasi-neiUrid polaiizalion angle 
where most of the curves fijr diffiraot misregistration gidss. Fig. 20 ahows.die MSB 
variation as a ionctian of overlay misregistratioii. Figs. 18 and 19 show flie lii^ 

sensitivity of the intenaity of zero-order diflaacted radiation to the overiay sign fi» a 
configuration using incident radiation having an obUqne angle of inddtsnoe on 
interfaced gratings. TlM^y also show the linear behavior of flie intensity when plotted 
against the overlay misregistration. 

Figs. 21-23 wke derived using the DataO configuration. Fig. 21 shows the 
25 intensity of die zero-orda diffiacted radiation versus the overiay misregistration at 
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dififeroit polarization angles {(f, 4(f , 65% and 90°). . Fig. 22 shows tihe dq^endeoce of 
the intensity of the zeio-order difiGf^^ 

difkrent overlay misregistrations (440 nm, -100 nm, -50 nm, 0 nm^^SO imi» and 100 
nm). Fig. 23 shows tbe MSB variation as a function of oveday misregistratian. Figs. 
5 21 adl 22 show the Ugh sensitivity of the intoisity of z»?o^ 

to flie oveday sign for a configuration nsing normal incident radiation on mt^laced 
gratings. They also show tibe linear bdiavior of die intensity when plotted agai^ 
overlay misiegistratiQn. 

Figi 24 is a grqducal plot genorated by ttie Gsolver SW illnsttatiiig Oe . 

10 Htrfflrtni'iiftriftii nf mifinligmnent fimm'the tieitral pftlflriMrimi angle. As shown IE Kg. 

14, the differential iiiteoaty equals zero indq)6i]detit of the overly iniaregi8traliai& at 
tiiie neotial polarization angle. However, die slope of the differtintial intensity varies 
with overlay misregistration. Fig. 24 sIiowb the sl<^e hiear the neutral polaiizatioii 
angle as a fimction of overlay misregistratLozL Pig. 24 shows linear behavior of die 

15 slope versus the overlay inisregistFBtion widi a slope of 0.038% per 1 mn overlay 
misregistration. An advantage ofdie slope measurement tedmique is the reduction of 
the number of parameters that need to be detemiined. Another advantage is die 
deceased polarization scanning needed. In Fig. 14, a polarization scan using iniddent 
polarization angles £nom 0^*to 90^ is pecfomned. In contrast, using die slope 

20 measurement technique in one embodimeot, the derived signal is coni^ared widi the 
refenoioe signal for polarization an^es within about five degrees of die neutral 
polarizafion angle. Tbxm, the method of detecting misaligameait is fister when using 
the slope meastncment technique. Anofliear embodiment of die invoition is die use of 
fbe slope measurement technique for die quasi-neutral polBrization 

25 Ma sa l i e"'"^ '^ ctfovrfying or interlaced periodic s tr uclur e s can be det mn iTied 

using die database in a piefoned embodiment The source providing polarized 
inddeot radiation illuminates the first periodic structure 13 and the second pcauxiic 
structure 15. Diffracted radiation fiom the iUuminated portions of die ovalying or 
interlaced periodic structures are detected to provide an ou^ut isignal 85. Thie ou^rat 

30 signal 85 is compared widi the database to determine die mffffliignnign^ between die 
overlying or interlaced poiodic str u cture s . 
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b anoOier onbodimea^ misalignmeat of oveifying or mialBced periodic 
skocbSTBS is deteimiiied namg Ob slope measuremeot tedmique. A neulnl 
pdtaizadOTaii^e(»qtta8i.neWral polarization ang^^ Jbs ieaved dffui 

is coinqwed twfli fl» wlbreoce fflgiud near Ac n 
'5 neutral poIarizUiod atigle to determine misalisnment of the overiying or interiaced 
periodiB stractmes. 

Wlule fbe invention has been described above by lefeioice to varimis 
embodiments, it wiU be undentood that changes and niodificatio^ 
wi&iout departing fiom the scope of die invention, wfaidi is to be defined only by fte 
10 appended claims and tiidr eqfuivalent All lefbencts .refenod to hodn are 
incozporated by reference. 
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1. A target for measudng the relative positions between two latyeis of a 



.5 a first penodicBlmctiiie over a first kyer of the device; ai^ 

a secoiid periodic structure over a second layer of ttie device, said 
second periodic structure overljing or interlaced with said first periodic structue. 

. 2. The tffl'eet of claim 1, wherein the first periodic structure has a first 
10 selected width, and fht second periodic structure has a second selected widfli^ tiiie 
second selected width being less than the first selected width. 

3. The target of claim 1, wherdn said second periodic structure extends 
fiirtber to an area where add first periodic structure does 110^ 

.15 

4; The target ofclaunl^wfaerehi file first layer is etdiedsi^^ 
second byer is resist 

5. The tatg^ of claim 1, wherein said first periodic siiu is ture has a 
20 trq[iezoidsd du^ file first hyer is silicon dioxide, and file sec^ 

first layer aiid flie second layer being separated by an unifoim polysilioon liyer. 

6. The target of claim 1, wherein said first periodic structure is tungsten 
and has a concaVe-trap ezoidal 8hq>ed top, fiie first layer is oxide^ and flie second layer 

25 is resist the first layer and the second layer being se^parateA by mi fllmtinifim ManVe t. 

7. The target of claim 1, iiirther comprising unpattemed semicondnctory 
metal, or dielectric iayos deposited or grown on top o^ undemeafii, or between the 

^ fiist arid the second-layers. - 



8. Hie targ^ of claim 1» wherem a layer that is the topmost layer is resist 
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9. The tsiset of daim 1, yOuain fbo first pedodk stractnte has been 
eaqptised to radiatwn for patterning innposes 

10. Hw taig«tof daim 1, fistber eonqnisiqg: 

a lliird periodic stnuduie tiut is substantiaUy peipeodica^ 
Jwiodic sliuctui^ said Hmd periodic sbuctnre over Hwfintli^, and 

a fimitii pedodb stractme fhat is substantially popendicalar to said 
second periodic slnictUR^ said fouilh periodic sttuctiire ova the seoaid layer and 
ovolyiiig or interiaced \riifa said Oitd periodic stnictare. 

11. The taigetofclaiml,vdietein said jSist periodic sInictinB has at 
two interlaced grating lines having different periods, line widths or dnfy cydes. 

12. The target of claim l.Titerain said second periodic stnictqre has at 
least two interiaced grating lines having diflfenat periods. 1^ 

13. A method formaldng a target, conqnising:. 

placing a first periodic structuTB over a first layer of a device and 
placing a second periodic structure over a second layer of a device, 

wherdn said second periodic stmctuie is overlying or interiaced with said firat 

periodic stnicture. 



14. The method of claim 13, wherein said placing a second periodic 

sttocture indudes placing srid second periodic stnicture on an area to where said fiirt 
is periodic stractme does not extend. 

15. Ttemefliodofdaim 13, fcrther comprising exposing the first periodic 
stradnre to radiation fi>r patterning purposes of a seoiiconductor wafer. 

30 16. Themetbodofdaiml3,fiirfliercon5)riBing: 

ptodng a fliiid poiodic stroctUTB over the fitrt kyer, \(*erein said tl^ 
periodc 8trnctm» is sdbstantiaUy perpendicular to said firstperiodic sliucta^ 
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placing a fonifh periodic stiucture over flie second layer, wba&i said 
fourfh periodic stroctme is substantially peipcaidicular to said second periodic 
stnlctorc. 

S 17. The medmd of claim 13, wherein saidplacii^ a first periodic stiu ct ur e 

includes placing at least two interiaced grating lines having differait periods^ Ifaie 
widttis or duty cycles. 

18. The method of claim 13, "derail said placing a second periodic 
1 0 structure includes pladng at least two interlaced grating lines having diffisreut periods, 

line widdis or duty cycles. 

19. A meOiod for providing a database to determine nusafignmeot of* 
ovedying or interiaced periodic structUTO, conqnism^ 

15 pioviding infoimatioa related to fhidmesQ, refiactive i^^ 

coeffident, ormtical diwiepgl^ip^ end misaligument of periodic strudiires tiiat overiy 
ot interlace one anoflier; 

derivihg fiom said inibimatioa data idated to radiatian difGraoted by 
the s tiu c t m e s in respbnse to abeam of radiation; and 

20 constructing a database correlating flio migftligmnent md tf^jp data. 

20. The method of claim 19» iinther comprising calculating a difTerendal 
intensity, a differential phase» or a differential polarization angle fiom the data. 

2S 21. A method &r detectiDg misalignment of overlying or interiaced 

periodic structures, comprising: 

illuminating the overiying or interiaced periodic structures widi 
incident radiation; 

detecting difilacted radiation fiom the illuminated portions of ^ 
30 .pv.erlying or interlaced periodic structures to provide an oi^ 

d^ennining a misalignment between the structures JEram the oir^ut 

signal 
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22. The mefiiod of claim 21 , ^adn said detemuning iiiehtf^ c mnpnTj ng 
the ouiinit agnal wifh a lefoence aignaL 

23. Hie mediod of daun 22, ^erem the leference signal cooprises a 
S database, 

24. The mefhod of claim 21, wherein the on^nit stgod contaios 
ififinmatioa related to eUipaometiie paxametets. 



10 



15 



25. The mediod of claim 21, ^vh^ein overlyixig or inteda6ed periodic 
atnictures has at least two int^laced grating Ik^ jj^^^^O^ 
or duty cycles; the incid^t radiation is iixndent on flie structmes at an 6Uiqiie ai^e; 
and the difSacted ladiatjon compriacfl zfim-ftnier ijiflrai^ftp 

26. Ihe method df daim 21, ivlierem overlyii^g or interlaced periodic 
sttuctiiies has at least two interlaced gratmg lines having differmt periods, line widflis 
or duty cycles; the incident radiation is incident on the structures at a nonnal angle; 
and the diffracted radiation cQmprisea zero-Brder Hifftftfftion. 



20 27. The niethodofclaim 21, \^eidnflieincidwit radiation is substan^ 

normal, and tiie difBracted radiation con5>ri8es positive first-order diffinction and 
negathre first-order difiOaction. 

28. The method of dafan 21, fiirther comprising calculating a doived 
25 dgiial fiom the ou^ut signal 

29. The meOiOd of daim 28, wherein flie derived dgmd contaixis 
infomiation related to intenisity, phase, or polarization angle. 

30 30. JDhi^jnefhod_of--claim--28, -wherem flie derived signal contams 

mfbmiatiaii related to differ^tial mtensity, differential phase;, or differeotial 
polarization angle. 
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3L The method of claim 28, furflier compiising providiAg a neatral 
polarization angle or quasi-neutral polarization angl^ and wherdn said determining a 
xoisaligomeiit includes determining a misaUguxnent by conq)axing the derived m gnal 
with the reference signal near ttie neutcal polaclzation angje or the quasi-neutral 
5 polarization angle. 

32. The method ofclaiin 31, wheiein the derived dgnal is ccmqia^ 
flic lefermce signal for polarization angles wittun about five degrees of flie neutral 
polarization arigle or the quasi-neutral polarization an^e. 

10 

33* An appaaitas for detecting misaligomeait of overlying or xnteriaced 
periodic structures^ cmspdsijag: 

a source providing polarized incident ladiatian beam to tliiimin fitR the 
ovieriying or interlaced periodic structure^ 
15 at least one andyzercoUectingdiffiBcted radiation fitim file stnictn^ 

at least one detector detectiflg di£Bacted radiation collected by 
anal^^ to provide ou^nit signals; and 

a signal processor detcmmiing any misaligmneot between flie 
structures ficotn the output signals. 

20 

*• 34. The qiparatus of claim .33, whezdn the sounce provides jnnf^tmt 
radiation beam having an oblique angle of inridence to illuminate the overlying or 
interlaced periodic structures^ and flie detector detects zero-ordor diffiacdon. 

25 ' .35. The ^paratus of claim 33, wherein the source provides a normal 
incident radiation beam to ilhuninate the overlying or interiaced periodic structurca^ 
and die detector detects zeio-oider diffiaction. 

36. The apparatus of claim 33, wherein the source includes a polarizer and 
~30 - a device causing relative rot^cmal^moddir and the analyzer. 

37. The qjparatus of claim 33, wherein said at least one analyzer 
comprises a first analjizer collecting positive first-order di£&acted radiation and a 
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•second anafyzisr coDecti^g negative fiist-oidear difBsded ladiation; and said at least 
mt ddector compxises a first detector detecting positive first-oider difiBracted 
radiation^ and a second detector detecting negativd first-ocder difiSncted radiation. 

5 38. The q^parstus of .ckdm 37, wtierein fhc sigqal processor calculates a 

derived signal fiom the ou^t signals. 

39. The qiparatus of claim 38, whecein flie deiived agnal contains 
ixifinniati0n related to a dififereatial intoisity, a difkroitial phases or a differential 

10 polarization angle. 

40. The q^paratus of claim 38, whetein the somce inchides a polarizer and 
a device causing relative rotational motion between the polarizer and the analyzeis. 

15 41. The qipaiatns of claim 40, wherein die derived signal contains 

infonnatibn lelaled to a differential polarization angle or ajdiase diffixcnce derived 



42. An apparatus fixr detecting misalignment of overlyii^ or inteilaced 
20 periodic stroctiireSy cQ^^vris^ng: 

a source providing polarized incident radiation beam to illuminate tfie 
overiying or interlaced periodic structures; 

two analyzers collecting first-order diffiactcd radiation fiom the 
structures, the first-order diffracted radiation conquising a positive first-order 
25 diffraction and a negative first-order difSaction; 

a first device interfering die positive first-order diffraction and the 
negative first order diffraction fiom the analyzers to provide a combined diffracted 
radiation signal; 

a detector detecting file combined difilacted radiation signal to provide 
30 ou^ut signals; and - — 

a signal processor detennining any misalignment between fiie 
structures fiom the output signals.- 
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43. The qiparatus of claim 42, herein &e 6u^ dgnat cootaiiis 
infi>xxDicdon related to phase difference between the positive fiist-oitder di£&actioaa and 
* aie negative first-^iiderdifiBncti^ 

S 44. 'An qjparatus far making overlying or interiaced periodic stnijctnies 

and detecting TniRaKgrimfmt betv^een the overlying or interlaced periodic gtmctuna ^ 

a dq)osition instrument to provide the oveilying or interiaced pcaiodic 

structuies; 

10 a source providing polarized incid^ radiation beam to iUuninate the 

overlying or inteiilaced periodic stractures; 

at least one analyzer collecting diffiacted radiation fiom file stnictores; 
at least one d^cctor detecting diffiacted radiation ccdlected by the 
analyzer to provide ou^itt signals; and 
IS a signal processor detennining any misalignment between fiie 

stnictores fiom the ontpnt signals and providing the mlRftlignnignt tb Ac dqiosition 
instrument 

45* The s^aratiis of claim 44, wherein Ihe source provides an incident 
20 raidiation beam having an oblique angle of incidence to iUuminate the overlying or 
interiaced periodic sCnu^tures, and die detector dete^ 

46. .llie qiparafus of claim 44, wfaerrin the source provides a nonnal 
ificideni radiation beam to iUuminate the overlyixig or interlaid periodic atructorea^ 

25 aiMl die detector detects zeio^)rderdifBracti 

47. Hie qiparatos of claim 44, wherem fiie source inchideisi a polarizer and 
a device cauising relative rotatjonal motim between the polMigef and tfta maAy reac. 

,30 — 48 The-apparatus -of claim 44, 'wherem~said~at least one analyzer 

comprises a &st analyzer collecting positive first-oider difBacted rBdiation and a 
second analyzer collecting negative first*order difBracted radiatioi^ and said at least 



-30- 



wo 02/084213 



PCTAISQ2A11026 



one detector ctwapoKS a first detector detecting positive first-order diffiacted 
ndittion, and a second detector detediiig negative firet^mder riififriM^^eH «Airfy>n 

49. Tie apparatus of claim 48, herein Qie signal processor cakulates a 
5 derived signal fiomliieou^ut signals. 

50. Hie ^ypaiatns of daim 49, vibsixin die derived signal contains 
infinmatiim related to a differential inteaaty, a differential phase, or a differential 
ptdarization angle. 

to 

51. The appttatuftofdalm 49, vAcran die source inolndes a polarizer and 
adevicecausiiigidativfe rotational notion between the pohriierairf 

52. m apparatoa of daim 51, ^idierein the derived signal contains 
15 infiaiMtiottrdated to a differential polarization angle or* pterodiffei^ 

fnim eiUpiigmetricpaia^ 

53. An qipaFBtos for making ovetljiing or intedaoed periodic sbuctiires 
and detecting misalignment between flie overljnng or intedaced periodic struct!^ 

20 

a deposition instnimait to provide flie overlymg or jnterUved periodic 

stroctmes; 

a souice providing polarized inddeat ladiation beam to illmmnate flie 
overlying or interlaced periodic stnictuies; 
25 two analyzers collecting fest-order difEracted ladiation fiom ttie 

structores, the firet^rder diffracted radiation cpnqnising a positive firstKwder 
difiBnction and a negative first-onier diffraction; 

a first device interfering flie positive first-order diffraction and tfie 
native first order diffraction fiom die analyzers to jnovide a combined diffracted 
30- ^radiation signal; 

a detector detecting the combined diffracted radiation signal to provide 
ou^ut signals; and 
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a signal processdr detamining any znisaligiinmt between tiie 
structoies fiam fiie ou^ul sigoals and providiog Ae mgaiig pnien t to the dc^positiai 
mstnimexiti 

5 54. The i^patatos of claim S3, ^eiein the. oii^ut signal oontaina 

infonnation related to phase differ^ce between the positive fiist-Ozder dififeaction and 
the negative jBistrOrder diffiactioiL 
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